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NANO-SILVER WOUND DRESSING

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a wound dressing,
especially to a nano-silver wound dressing.

[0002] Silver has been used as a bactericidal agent for a
long time. Silver works as an antimicrobial through a
number of pathways. It acts on the cell wall so as to inhibit
cell wall replication. Silver can also inactivate cellular
respiratory chain and block energy supply of cells, or
directly act on nucleic acids such as RNA and DNA. With
those functions, the bacterium is either inhibited from rep-
lication or is killed. Because silver affects so many sites
within cells, it has antimicrobial activity against multiple
micro-organisms including bacteria, virus and fungi. In the
past, most of silver being used is silver salt such as silver
nitrate. However, it’s highly toxic so that they are not as
practical as chemical bactericides or antibiotics. However,
due to antibiotic abuse, a broad spectrum of bacteria has
become resistant to antibiotics. As to bactericidal agents for
external use, they may have toxicity for human tissue cells.
Moreover, they can only against certain bacteria, it is not
effective for over 500 species of bacteria.

[0003] In recent years, nano-silver technology has been a
research trend. Nanocrystalline silver results in a very large
specific surface area for the release of ionic silver. Even only
a small amount of silver provides a bactericidal action.
Moreover, the silver ion is released into the wound for
long-lasting bactericidal effect in a controlled fashion. It’s
economic and effective. Furthermore, the development of
antimicrobial resistance to silver would be extremely rare
and the silver further enhances wound healing. Therefore,
the silver has been hot since the new century. For example,
American medical products such as Acticoat produced by
Smith & Nephew Co. and Silverlon produced by Argentum
Medical, LL.C are silver-coated wound dressings. They
invest a lot of money and labor on various kind of tests such
as tests of skin irritation, skin toxicity, cytotoxicity, hemoly-
sis, systemic toxicity, and carcinogenicity, damages to liver,
kidney and blood, antimicrobial activity against various
bacteria, fungi and virus, wound healing test, and so on. The
wound dressings have been approved by the FDA (food and
drug administration). Besides, above two dressings for
wounds and burns in clinical, Silvasorb of Medline Co.,
Aquacel of Convatec Co., Arglaes of Medline Co., and
Contreet of Coloplast Co. are all non-woven dressings with
nanocrystalline silver. The release of the silver ion is in a
controlled fashion and with long-lasting efficacy. The dress-
ing can be left in place for seven days without replacement.
[0004] As to wound dressing made from activated carbon
fiber with silver, it is quite rare now only one product—
Actisorb of American Johnson & Johnson company is
available. It consists principally of activated carbon impreg-
nated with metallic silver produced by heating a specially
treated fine viscose fabric under carefully controlled condi-
tions, but it has no hemostatic function. Refer to
GB2206495A, this is a military hemostatic and antitoxic
dressing made by activated charcoal cloth fabric and absor-
bent gauze. However, due to capillary action of the absor-
bent cotton, it may have problems of blood leaking with
poor blood staunching function, it is not antibacterial dress-
ing. Only a disinfected, antitoxic dressing disclosed in
Taiwanese Utility patent No. 114129 has all three features—
disinfection, antitoxicity and blood staunching. In this
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patent, the absorbent cotton is replaced by Superabsorbent
Polymer (SAP) whose volume is enlarged after absorbing
blood so as to make the bandage have adverse pressure,
pressing on the wound site for better blood staunching effect.
Moreover, the activated carbon fiber with silver treated by a
heating process is used to achieve antitoxic and disinfected
effects.

[0005] However, the carbon fiber with silver pretreated by
a heating process can only be produced by large-scale
factory such as charcoal cloth company in United Kingdom
and the price is quite expensive—about $ NT150 dollars per
10 square centimeters with the amount of silver 3 weight
percent (wt. %).

SUMMARY OF THE INVENTION

[0006] Therefore, it is a primary object of the present
invention to provide a nano-silver wound dressing for solv-
ing the problem of high manufacturing cost of silver pre-
treated activated charcoal cloth.

[0007] In order to achieve above object, a nano-silver
wound dressing according to the present invention includes
a skin contact layer, a disinfective (or bactericidal) antitoxic
layer, a blood absorbing and styptic layer, an isolation layer,
and an elastic bandage. The skin contact layer made from
hydrophilic nonwoven contacts wound site on skin surface
directly. The disinfected antitoxic layer is made from acti-
vated charcoal cloth impregnated with nanocrystalline sil-
ver. And the blood absorbing and styptic layer is made from
SAP non-woven with pore size less than 5 micrometer (um)
and is connected with edges of the skin contact layer to form
a main body. The disinfected antitoxic layer and the blood
absorbing and styptic layer are separated with each other and
are enclosed inside the main body. The elastic bandage is
joined with the main body for fixing the main body on the
wound site.

[0008] In an embodiment of a nano-silver wound dressing
according to the present invention, the minimum amount of
nanocrystalline silver impregnated inside the activated char-
coal cloth is 0.1-3 wt. % while the diameter of the nanoc-
rystalline silver ranges from 1 to 100 nanometer (nm).
[0009] In an embodiment of a nano-silver wound dressing
according to the present invention, the amount of SAP
ranges from 5 to 50 wt. % and the SAP is acrylic acid—
starch grafted copolymer sodium salt.

[0010] In an embodiment of a nano-silver wound dressing
according to the present invention, the above composite
fabric can be SMS composite nonwoven, that is spunbond-
meltblown-spunbond three-layer fabric, it also can be poly-
ester/cotton blended fabrics with water and oil repellency, or
other suitable fabrics.

[0011] According to a preferred embodiment of the
present invention, the above hydrophilic cloth includes
hydrophilic nonwoven cloth.

[0012] According to a preferred embodiment of the
present invention, the above elastic bandage includes medi-
cal bandage or non-woven elastic bandage.

[0013] According to a preferred embodiment of the
present invention, the above way for connecting edges of the
isolation layer and the skin contact layer includes heat fusion
or sewing.

[0014] According to a preferred embodiment of the
present invention, the above way of joining the elastic
bandage with the main body includes heat fusion or sewing.
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[0015] The activated charcoal cloth used by the present
invention is treated by impregnation of nanocrystalline
silver, different from conventional charcoal cloth with silver
being treated with a heating process. Thus the manufacturing
cost of wound dressings is reduced. Moreover, due to the
activated charcoal cloth impregnated with silver, the present
invention has bactericidal and antitoxic functions. Further-
more, the absorbent cotton is replaced by SAP so that the
problem of blood leaking is improved. In addition, the
volume of the non-woven cloth with SAP is increased after
absorbing blood so as to make the elastic bandage have
adverse pressure, pressing on the wound site to achieve
better effect of stopping bleeding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0017] The FIGURE is a schematic drawing showing a
cross section of an embodiment in accordance with the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0018] Refer to the FIGURE, a nano-silver wound dress-
ing in accordance with the present invention from inside to
outside includes a skin contact layer 101 that is a hydrophilic
cloth contacting wound on surface of skin, a disinfected
antitoxic layer 103 made from activated charcoal cloth
impregnated with nanocrystalline silver, a blood absorbing
and styptic layer 105 made from non-woven cloth with SAP,
and an isolation layer 107 made from composite fabric with
pores whose diameter is less than 5 pum. Edges of the
isolation layer 107 and the skin contact layer 101 are sealed
to form a main body 100. The way of sealing are sewing or
heated to fusion. The disinfected antitoxic layer 103 and the
blood absorbing and styptic layer 105 are separated from
each other and both enclosed inside the main body 100.
Moreover, an elastic bandage 110 connected with the main
body 100 for fixing the main body 100 on the site of wound.
The elastic bandage 110 is joined with the main body 100 by
sewing or heat fusion. The elastic bandage 110 can be
medical bandage or non-woven elastic bandage.

[0019] The skin contact layer 101 is made from hydro-
philic cloth such as hydrophilic non-woven cloth with
features of high water absorption and rapid transport of
liquids. Through the EDANA (European Association of
Non-woven Manufacturers) Liquid strike-through time
150.2 (1993) and Coverstock wetback (1993) tests for
textile, it is proven that the fabrics provide dry skin contact
and increased wearing comfort.

[0020] The disinfected antitoxic layer 103 made from
activated charcoal cloth impregnated with nanocrystalline
silver contains 0.1-3 wt. %. while the diameter of the
nanocrystalline silver ranges from 15 to 50 nm. The charcoal
cloth itself has no germicidal effect. The present invention
uses wet chemical method to treat the activated charcoal
cloth, impregnated with nanocrystalline silver so as to have
bactericidal effect and easy processing. There is no need to
manufacture the products by a heating process in large
charcoal cloth factory. The present invention can be mass-
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produced in small and medium-sized factories. Thus the
present invention reduces manufacturing cost of wound
dressings.

[0021] Moreover, the amount of nanocrystalline silver
inside the silver-impregnated activated charcoal cloth
according to the present invention is adjustable, Within the
dressing, 0.5 wt. % nanocrystalline silver provides good
bactericidal effect. Compared with the activated charcoal
cloth with silver produced by Charcoal cloth company, UK
that contains 3 wt. %, the manufacturing cost of the wound
dressings is reduced due to few raw material being used.
[0022] Furthermore, the silver inside the silver-impreg-
nated activated charcoal cloth according to the present
invention silver ion is released in a controlled fashion—
ranging from 1 to 20 ppm (parts per million) with good
bactericidal effect. Thus the present invention has continued
antimicrobial activity, lasting for over a week.

[0023] The amount of SAP inside the blood absorbing and
styptic layer 105 ranges from 5 to 50 wt. %, preferably from
10 to 30 wt. %. SAP can be acrylic acid-starch grafted
copolymer sodium salt. The present invention uses non-
woven cloth with SAP to replace absorbent cotton. Thus the
shortcoming of blood leaking caused by capillary action of
the absorbent cotton is improved. Furthermore, the volume
of the non-woven cloth with SAP-according to the present
invention is increased after absorbing blood at the wound
site so as to make the elastic bandage have adverse pressure,
pressing on the wound site to achieve better effect to halt
bleeding.

[0024] Composite fabric is SMS composite non-woven
fabric  spunbond-meltblown-spunbond, polyester/cotton
blended fabrics has water and oil repellency , or other
suitable fabrics. The pore size of composite fabrics is less
than 5 pm, preferably from 2 to 3 pm. The SMS composite
non-woven cloth provides a barrier to bacterial penetration,
with good air-permeability and liquid-proofing characters.
[0025] In order to demonstrate excellent effects of a nano-
silver wound dressing in accordance with the present inven-
tion, the following two embodiments are examined and
compared by various tests:

Embodiment 1

[0026] the skin contact layer (the inner layer): hydrophilic
non-woven cloth the disinfected antitoxic layer: nanocrys-
talline silver-impregnated activated charcoal cloth

[0027] the blood absorbing and styptic layer: non-woven
cloth having 5-50 wt. % SAP the isolation layer (the outer
layer): SMS composite fabric with a pore size of 3 um
[0028] The above layers are separated from one another.
Edges of the skin contact layer and the isolation layer are
heated and fused to form a main body. The main body is a
square with side ranging from 15 to 30 cm or a rectangle
whose width ranges from 10 to 20 cm and length ranges
from 15 to 30 cm with thickness of 0.4 cm. The main body
is joined with the elastic bandage whose width is 10 cm and
the length is 500 cm by heat fusion.

Embodiment 2

[0029] the skin contact layer (the inner layer): hydrophilic
non-woven cloth the disinfected antitoxic layer: nano-
cyrstalline silver-impregnated activated charcoal cloth
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[0030] the blood absorbing and styptic layer: non-woven
cloth having 5-50 wt. % SAP the isolation layer (the outer
layer): polyester/cotton blended fabrics with water and oil
repellency.

[0031] The above layers are separated from one another.
Edges of the skin contact layer and the isolation layer are
sewed to form a main body. The main body is a square with
side ranging from 15 to 30 cm or a rectangle whose width
ranges from 10 to 20 cm and length ranges from 15 to 30 cm
with thickness of 0.4 cm. The main body is joined with the
elastic bandage whose width is 10 cm and the length is 500
cm by sewing.

[0032] Test 1 Antitoxic Test

[0033] According to S.D. test method (Static Diffusion
test) of MIL-STD-282, organic phosphorous compounds
and organic sulfides are used for measurement of penetration
resistance. For the embodiment 1 and embodiment 2, the
penetration resistance are both over 24 hours. While quali-
fied standard for Chinese military specification CMS-A-
20689 is 24 hours.

[0034] Test 2 Bactericidal Test

[0035] While the activated charcoal cloth impregnated
with nanocrystalline silver in embodiment 1 and embodi-
ment 2, both have good antimicrobial activity (AATCC
100-2004) and efficacy 99.99% against Staphylococcus
aureus and Escherichia coli.

[0036] Tset 3 Hemostatic Test

[0037] According to ASTM-1117-80 and CNS (Chinese
National Standard) 9325-90 test methods for absorption of
sanitary napkins, the embodiment 1 and embodiment 2 are
able to absorb 3050 times its own weight of water and—
Congo Red Solution while the absorbent cotton only absorbs
15 times.

[0038] In summary, a nanocrystalline silver wound dress-
ing according to the present invention has following advan-
tages:

[0039] 1. The dressing has been tested by domestic and
international standards, proven to provide excellent
antitoxic effect, bactericidal effect and blood staunch-
ing capability.

[0040] 2. The present invention is identified to provide
dry and comfortable skin contact.

[0041] 3. The silver-impregnated activated charcoal
cloth of the present invention is easy to be processed,
without being treated by a heating process in large-
scale charcoal cloth factories. It can be mass-produced
in small or medium-sized factories. Thus the manufac-
turing cost of the dressings can be reduced.

[0042] 4. The amount of nanocrystalline silver inside
the activated charcoal cloth according to the present
invention is adjustable. Only 0.5 wt. % silver has good
bactericidal effect. The fewer amount of raw material
leads to lower manufacturing cost of the dressings.

[0043] 5. The activated charcoal cloth impregnated with
silver of the present invention can last anti-microbial
effects for 7 days or more.

[0044] 6. The isolation layer of the present invention is
proven to have good air-permeability.
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[0045] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details, and representative devices shown and described
herein. Accordingly, various modifications may be made
without departing from the spirit or scope of the general
inventive concept as defined by the appended claims and
their equivalents.

What is claimed is:

1. A nano-silver wound dressing comprising:

a skin contact layer made from hydrophilic cloth, con-
tacting wound site on skin directly;

a disinfecting(or bactericidal) antitoxic layer made from
activated charcoal cloth impregnated with nanocrystal-
line silver;

a blood absorbing and styptic layer made from non-woven
cloth with SAP,

an isolation layer made from composite fabric with pore
size less than 5 pum, and connected with edges of the
skin contact layer to form a main body for enclosing the
disinfected antitoxic layer and the blood absorbing and
styptic layer that separates from each other; and

an elastic bandage connecting with the main body for
fixing the main body on wound site.

2. The nano-silver wound dressing as claimed in claim 1,
wherein the amount of nanocrystalline silver inside the
activated charcoal cloth is 0.1-3 wt. %.

3. The nano-silver wound dressing as claimed in claim 2,
wherein while particle size of the nanocrystalline silver
ranges from 1 to 100 nm.

4. The nano-silver wound dressing as claimed in claim 1,
wherein the amount of SAP ranges from 5 to 50 wt. %.

5. The nano-silver wound dressing as claimed in claim 1,

wherein the high molecular absorbent powder is acrylic
acid-starch grafted copolymer sodium salt.

6. The nano-silver wound dressing as claimed in claim 1,
wherein the pore size of the composite fabric ranges from 2
to 5 um.

7. The nano-silver wound dressing as claimed in claim 1,
wherein the composite fabric having SMS composite non-
wovens or polyester/cotton cloth with water and oil repel-
lency.

8. The nano-silver wound dressing as claimed in claim 1,
wherein the hydrophilic cloth includes hydrophilic non-
woven cloth.

9. The nano-silver wound dressing as claimed in claim 1,
wherein the elastic bandage having medical bandage or
non-woven elastic bandage.

10. The nano-silver wound dressing as claimed in claim 1,
wherein the way for connecting edges of the isolation layer
and the skin contact layer includes heat fusion or sewing.

11. The nano-silver wound dressing as claimed in claim 1,
wherein the way for connecting the elastic bandage with the
main body includes heat fusion or sewing.
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